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Description 


PRINTED CIRCUIT BOARD WITH 
INSULATED METAL SUBSTRATE WITH 
INTEGRATED COOLING SYSTEM 

Background of Invention 
[0001] Scope of the Invention 

[0002] The present invention refers to a printed circuit board 

witli insulated metal substrate with an integrated cooling 
system, said cooling system comprising one or more con- 
duits for a heat-carrying fluid. 

[0003] Technical Background 

[0004] In printed circuit boards interconnecting electric and elec- 
tronic power components, there is a drawback related to 
the dissipation or elimination of heat generated by such 
components. The use of dissipators or heat sinks is well 
known in the state of the art, which consist of elements of 
a highly heat conductive material thermally connected, ei- 
ther directly or indirectly, to the heat generating compo- 


nents or to a support substrate thereof and provided with 
a large surface area, frequently formed by fins, in contact 
with the circulating medium. Patents US-A-5875097 and 
US-A-62 19246 disclose embodiment examples of such 
heat sinks, and patent US-A-6181556 discloses an appa- 
ratus for electronic device heat dissipation composed of a 
combination of heat sinks provided with fins, arranged so 
as to encircle the component to be cooled and thermally 
connected together by means of thermal bridge elements, 
said heat sinks being submitted to an airflow generated 
by several fans. 

[0005] The use of heat pipes is also known for keeping an elec- 
tronic circuit component at a suitable working tempera- 
ture. A heat pipe comprises a span of pipe closed on its 
ends and partially full of heat-carrying fluid, said pipe 
comprising at least one evaporation region located close 
to or in contact with the heat source and at least one con- 
densation region, for example, exposed to the circulating 
air. Patent US-A-6226178 discloses a laptop computer in 
which a heat pipe has an evaporation region in contact 
with a heat generating microprocessor and two separate 
condensation regions connected to several respective dif- 
ferent heat dissipating devices, one of them consisting of 


a heat sink with forced ventilation and the other consist- 
ing of an extensive passive heat dissipation board located 
behind the display. A drawback of this system is that the 
evaporation region is in contact with the single compo- 
nent or with an auxiliary board on which the component is 
assembled, but it does not cool the entire printed circuit 
board on which a plurality of heat generating components 
are assembled. 

[0006] Patent US-A-62 12071 uses several tracks of a heat con- 
ducting material embedded on the substrate of a conven- 
tional printed circuit board and thermally connected on 
one end to those areas or components of the board where 
heat is generated and, on the other end, on the edge of 
the substrate, to several external dissipators, such as a 
metal casing encircling the board. These heat conducting 
tracks can be formed in a manner that is analogous to the 
electro-conducting tracks on a multi-layer board, in which 
case they would be of copper. They can also be formed by 
drilling several holes from the edge of the board and fill- 
ing said holes with a melted metallic material, such as 
welding material. However, both the copper tracks or 
channels and those of the welding material are costly to 
manufacture and they have a relatively low heat dissipa- 


tion yield. Said patent US-A-62 12071 suggests tliat con- 
ventional heat pipes can be used, but no construction or 
assembly details are given, no illustration on the arrange- 
ment thereof is claimed or provided. 
[0007] Patents US-A-6190941, US-A-6032355 and US- 

A-6201300 disclose various other forms of providing heat 
conduction paths through a substrate on a printed circuit 
board for dissipating heat generated by several compo- 
nents. 

[0008] A technology that gives way to providing a high degree of 
heat dissipation to the support board of the components 
of a circuit is the printed circuit board with insulated 
metal substrate technology, commonly referred to in the 
sector as IMS. A typical printed circuit board with insu- 
lated metal substrate comprises at least one metal sup- 
port substrate, generally of an aluminum alloy, on which 
the electro-conducting circuit tracks, generally copper, 
are adhered by means of a layer of electrically insulating 
material which is the best possible heat conductor. With 
this arrangement, part of the heat generated by the com- 
ponents is dissipated through the metal substrate, which 
acts like a heat sink. However, in power applications such 
as a control and distribution box in an automobile, the 


heat dissipation provided by tlie insulated metal substrate 
technology is not enough to ensure that a deterioration or 
malfunction of the circuit does not occur due to thermal 
fatigue. 

[0009] worl< has recently been done for improving effectiveness 
in terms of heat dissipation on printed circuit boards with 
insulated metal substrate. Patent US-A-6201701 discloses 
a multi-layer structure of power and control component 
connection tracks, assembled on a thick insulated metal 
substrate. The multiple electro-conducting layers are sep- 
arated by layers of electrically insulating material and be- 
tween them heat communication paths are arranged which 
improve the heat dissipation efficiency. However, heat 
transmission is produced from the components and the 
electro-conducting tracks to the metal substrate, but no 
improvements are provided in terms heat evacuation from 
the metal substrate. 

[0010] Therefore, there is still a need for a more effective, com- 
pact and economical cooling system for effectively dissi- 
pating the heat generated by electronic components, es- 
pecially components submitted to intense regimens, 
printed circuit boards with insulated metal substrate in 
power applications, such as a control and distribution box 


in an automotive vehicle. 
[0011] Brief Explanation of the Invention 

[0012] The object of the present invention is to provide a printed 
circuit board with insulated metal substrate provided with 
a cooling system including one or more conduits for a 
heat-carrying fluid. 

[0013] According to the present invention, this objective is 

reached by providing a printed circuit board with insulated 
metal substrate that incorporates or is in close contact 
with several conduits for said heat-carrying fluid, conduits 
which are extended outside of the metal substrate to a 
heat transfer area to an external medium. According to an 
embodiment example, said conduits are cavities formed 
on the metal substrate placed in a direction that is sub- 
stantially parallel to said electrically insulating layer. At 
least one of the ends of each one of said cavities comes 
into an opening placed on an edge of the metal substrate. 
These openings are susceptible to coupling with several 
conduits of said heat-carrying fluid which are extended 
until said heat transfer area. Thus, the metal substrate 
material itself constitutes the conduit walls. In exchange, 
according to another embodiment example, said conduits 
are conduits for said heat-carrying fluid placed in close 


contact with the walls of several cavities formed on the 
metal substrate material in a direction that is substantially 
parallel to said electrically insulating layer. In this case, 
said conduits protrude at least on one edge of the metal 
substrate and extend on an external portion up to said 
heat transfer area. 

[0014] In both embodiment examples, the cavities can be ob- 
tained by simply drilling the metal substrate. However, a 
more cost-effective form consists of providing said metal 
substrate formed by two layers joined together. This per- 
mits the cavities to be constituted of the juxtaposition of 
two semi-cavities respectively formed on each one of the 
metal substrate layers. 

[0015] The second embodiment example mentioned above has 
the advantage of permitting easily obtaining the substrate 
by extrusion. For this, said cavities are parallel to each 
other and have a longitudinal opening all along its exten- 
sion which opens on one side of the metal substrate, op- 
posite the side thereof on which said electrically insulating 
layer and electro-conducting tracks are fixed. Therefore, 
the cross section of the metal substrate has an open pro- 
file shape suitable for being easily obtained by extrusion 
by means of a single tier. 


[0016] In either of the two embodiment examples, said conduits 
for said heat-carrying fluid can be several known heat 
pipes, which are closed on both ends and partially full of 
said heat-carrying fluid, having an evaporation region in- 
side of the metal substrate and an external condensation 
region extending a distance outside of it and which is in 
contact with the circulating air. In another heat exchange 
form, said conduits for said heat-carrying fluid are con- 
nected to a closed circuit piping including a passage 
through said heat exchange area. In cases in which the 
board is assembled in a vehicle, for example, forming part 
of a control and distribution box in an automobile, a span 
of said piping of said closed circuit can be in close contact 
with the material of the frame or body of a vehicle for aid- 
ing in heat dissipation through the same. 

[0017] These and other advantages and features of the invention 
will become more clearly evident from the following de- 
tailed description of several embodiment examples 
thereof, which have a merely illustrative character, which 
in no case should be interpreted as limiting of the scope 
of the invention. 

[0018] 

Brief Description of Drawings 


[0019] Said detailed description is carried out in reference to the 
attaclied drawings in wliich: 

[0020] Figure 1 sliows a scliematic perspective view of a printed 
circuit board with insulated substrate material with several 
cavities prepared for implementing the cooling system of 
the present invention; 

[0021] Figure 2 shows a cross section view of an embodiment 
example of the present invention; 

[0022] Figure 3 shows a cross section view of another embodi- 
ment example of the present invention; 

[0023] Figures 4 and 5 show cross section views showing differ- 
ent ways of carrying out said cavities; and 

[0024] Figures 6 and 7 are cross section views of different types 
of printed circuit boards with insulated metal substrate on 
which the present invention has been implemented. 

[0025] 

Detailed Description 

[0026] First in reference to figure 1, it shows a printed circuit 
board with insulated metal substrate with the integrated 
cooling system according to the present invention. The 
printed circuit board shown in figure 1 is of the simplest 
type and comprises a metal substrate 10, on which an 


electrically insulating layer 11 is adhered and several elec- 
tro-conducting tracks 12 adhered to said electrically insu- 
lating layer 11. These tracks connect electronic power 
components 24 together, or a combination of power 24 
and control 25 components, at least some of which are 
highly heat generating and they need to be cooled in or- 
der to keep them at a suitable temperature for function- 
ing. Said electro-conducting tracks 12 are generally ob- 
tained from a metal layer adhered to the insulating layer 
11 selectively eliminated by means of a formation process 
such as etching. The material of the insulating layer 11 is 
selected such that, being electrically insulating, it is the 
best possible heat conductor. Thus, a large part of the 
heat generated by the components 24 is transferred to the 
metal substrate 10, which is typically of an aluminum al- 
loy. The metal substrate 10 incorporates or is in close 
contact with several heat conduit channels comprising 
several conduits for a heat-carrying fluid extending out- 
side of the metal substrate up to a heat transfer area to an 
external medium. 
[0027] For this, the metal substrate 10 comprises several cavities 
13 placed in a direction that is substantially parallel to 
said electrically insulating layer 11. At least one of the 


ends of each one of said cavities 13 comes into an open- 
ing 14 placed on at least one edge 19 of the metal sub- 
strate 10. Said cavities 13 are preferably through cavities 
with a circular or polygonal cross section, therefore they 
have openings 14 on their two ends arranged on different 
opposing edges 19 of the metal substrate 10. Different 
ways of obtaining said cavities are explained below in re- 
lation to figures 4 and 5. 
[0028] Figure 2 shows an embodiment example of the invention 
in which said conduits are several conduits of said heat- 
carrying fluid in close contact with the walls of said cavi- 
ties 13. Said conduits are advantageously heat pipes 20 
which are closed on both ends and partially full of said 
heat-carrying fluid, with an evaporation region 21 inside 
of the metal substrate 10, and an external condensation 
region 22, extending a distance outside of the metal sub- 
strate 10 and which is in contact with the circulating air. 
This condensation region 22 can include several fins (not 
shown) or be in contact with a heat dissipation surface. 
The condensed fluid returns to the evaporation area by 
capillarity and gravity through the inner walls of the pipe, 
said region 22 is therefore inclined, according to that 
shown in the figure. The repeated evaporation-conden- 


sation cycles of the heat-carrying fluid extract heat from 
the metal substrate 10 and transfer it to the circulating 
air. 

[0029] Figure 3 shows another embodiment example in which the 
walls of the cavities 13 act as part of the conduits for the 
heat-carrying fluid. For this, each one of the cavities 13 
has a blind end 16 while it has an opening 14 on only one 
of the edges 19 of the metal substrate 10. Said opening 
14 is coupled with a span of pipe 17 provided with a blind 
distal end 18. Thus, the cavity 13 and pipe 17 assembly 
constitutes a heat pipe in which the cavity 13 performs 
the functions of the evaporation region 21 and the span of 
pipe 17 of the condensation region 22 in contact with the 
circulating air. The openings 14 preferably have a coun- 
tersink opening 15 for receiving the ends of the respective 
spans of pipe 17. 

[0030] Now in reference to figures 4 and 5, they show a cross 

section of two different ways of carrying out said cavities 
13. 

[0031] In the variant in figure 4, the metal substrate 10 is formed 
by two layers 10a, 10b joined together, for example by 
means of an adhesive layer 28 or by welding. Each one of 
the cavities 13 is formed by the juxtaposition of two 


semi-cavities 13a, 13b respectively formed on eacli one of 
tlie layers 10a, 10b of the metal substrate 10. If the cavi- 
ties 13 have the shape of parallel through holes, the 
semi-cavities 13a, 13b adopt the shape of parallel slits 
formed on the corresponding surfaces of layers 10a, 10b 
of the metal substrate 10 and can be easily obtained by 
extrusion, by machining or by molding. This embodiment 
form is likewise compatible with the implementation of 
heat pipes 20 in close contact with the walls of the cavi- 
ties 13 according to the embodiment example in figure 2 
and with the use of said walls of the cavities 13 as part of 
the heat pipes 17 according to the embodiment example 
in figure 3, although for this latter case, obtaining the 
semi-cavities 13a, 13b by extrusion would not be possi- 
ble. 

[0032] In the variant in figure 5, the cavities 13 are parallel to 

each other and they have a longitudinal opening 29 along 
their entire extension which opens on a side of the metal 
substrate 10 opposite the side thereof on which said elec- 
trically insulating layer 11 and electro-conducting tracks 
12 are fixed, such that the metal substrate 10 has an 
open cross section profile shape that is very suitable for 
being easily obtained by extrusion. However, this embodi- 


ment form only admits the implementation of heat pipes 
20 in close contact with the walls of the cavities 13, ac- 
cording to the embodiment example in figure 2. 

[0033] Figures 6 and 7 show different types of printed circuit 

boards with insulated metal substrate prepared for receiv- 
ing the cooling system of the present invention. 

[0034] The printed circuit board in figure 6 comprises a metal 

substrate 10 on a side of which multiple alternating layers 
of electrically insulating material 11 and electro-con- 
ducting tracks 12 are arranged. The printed circuit board 
in figure 7 comprises a metal substrate 10 on both sides 
of which multiple alternating layers of electrically insulat- 
ing material 11 and electro-conducting tracks 12 are ar- 
ranged. In the printed circuit board in figure 6 as well as 
the one in figure 7, the metal substrate 10 is provided 
with the cavities 13 ready to house any of the conduit 
variants for a heat-carrying fluid of the present invention 
according to what has been described above. 

[0035] A skilled person in the art may contribute multiple vari- 
ants without changing the object of the present invention, 
whose scope is defined by the attached claims. 


[0036] 


